Introduction
In recent years, Si-based spin-transistors such as spin-MOSFETs [1] have attracted considerable attention because of their useful functionalities based on the spin degree of freedom in controlling transistor characteristics. One of the most important issues for realizing spin-MOSFETs is to achieve efficient spin-injection/detection for the Si channel without degradation of the transistor performance. When ferromagnet (FM)/Si Schottky junctions are used as a spin-injector and spin-detector of spin-MOSFETs, Fermi-level pinning induced by the junction causes huge contact resistance, resulting in degradation of the spin injection efficiency and the transistor performance. Although highly doped Si can lower the effective barrier height, it would reduce the spin lifetime of injected spin-polarized electrons. In this paper, we proposed and investigated a new ferromagnetic source/drain (S/D) structure for an intrinsic Si (i-Si) channel. Figure 1 shows a proposed spin-injector/detector structure for the ferromagnetic S/D of spin-MOSFETs, which consists of a ferromagnetic electrode (CoFe) for the spin-source, a low-work-function metal layer (Mg) for lowering the Schottky barrier height, and an ultrathin insulator layer (AlO x ) for depinning [2] of the junction. The long spin diffusion length of Mg [3] and relatively low interface state density of AlO x /Si interfaces are suitable for the proposed S/D junction. The contact (tunnel) resistance of this structure can be optimized by the thickness of the AlO x layer owing to the Schottky-barrier-free junction (see Fig. 1 ), which is required to eliminate the conductivity mismatch problem [4] and to achieve efficient spin-injection/detection. The proposed S/D structure can be applied to an i-Si channel, which is more favorable to spin-transport. Figure 2 shows the schematic band diagram of a spin-MOSFET using CoFe/Mg/AlO x /i-Si tunnel junctions for the S/D. Although this device has no blocking contact for off-state leakage currents, the highly resistive i-Si channel (body barrier) can cut off the leakage currents.
Proposed device structure

Device fabrication
The ultrathin AlO x layer of the proposed tunnel junction was formed by O 2 exposure of an Al layer deposited on an Si substrate at room temperature. Figure 3 shows X-ray photoelectron spectroscopy (XPS) spectra of formed AlO x layers in which 0.3-,0.5-, and 1.0-nm-thick Al layers were oxidized by O 2 exposure. The Al layers were fully oxidized without the formation of SiO 2 at the interfaces, indicating the formation of abrupt AlO x /Si interfaces. Figure 4 shows the cross-sectional device structure and top-view photograph of a fabricated MOSFET. A bottom-gate MOSFET structure with a nearly intrinsic Si-on-insulator (SOI) channel was employed. The AlO x layer was formed by O 2 exposure of a 0.5-nm-thick Al layer, and the thickness of the Mg layer was 1 nm. [5] . The tunnel resistance (R TB ) was the comparable order of the channel resistance and was controlled by the thickness of the AlO x layer. These features are promising for excluding the conductivity mismatch problem.
Results and discussion
Conclusion
We proposed a novel ferromagnetic S/D structure using CoFe/Mg/AlO x /Si tunnel junctions for spin-MOSFETs. The proposed S/D structure can successfully lower Schottky barrier height even for an i-Si channel favorable to spin transport and exclude the conductivity mismatch problem. The proposed device would be a potential candidate for spin-MOSFETs with high spin injection/detection efficiency. with Mg
